across saccades. In the classical saccadic adaptation phenomenon, a recalibration of the saccade amplitude follows an inconspicuous and systematic change in location of a target while the saccade to that target is executed. In saccadic adaptation, the oculomotor system learns to correct the amplitude of the saccade by reducing the error between planned and executed saccades [15] . Saccadic adaptation is thus considered to be primarily a motor phenomenon, and there is usually no accompanying recalibration of perceived location [16] . To contrast their effects with saccadic adaptation, Valsecchi and Gegenfurtner [5] ran another experiment where they replaced the saccade by a smooth motion of the target from the periphery to the fovea and a similar, albeit reduced, recalibration was observed.
What are the benefits of a fine calibration of identity between the fovea and the periphery? It is appealing to think that the recognition of an object will be possible even if we do not always look precisely at the same part of the object. There is behavioral evidence for some position invariance in object recognition. In priming, for instance, where the identification of an object is facilitated by a previous brief presentation of that object, facilitation is unaffected by a translation, a size change or even a reflection of the object [17] . From a neural point of view, the challenge is to preserve position invariance, and at the same time be able to code for more and more complex features of an object [18, 19] .
Another potential benefit of a good calibration between the fovea and the periphery is to give us the illusion that our whole visual field is uniform in color and spatial resolution. If we have learned to anticipate what a peripheral object would look like if we were to fixate it, we could confuse this anticipation for the perception itself. Because the anticipated foveal view is in full color and high resolution, the subjective experience of our peripheral visual field would also be in full color and high resolution. Future studies similar to that of Valsecchi and Gegenfurtner [5] could therefore help us better understand our visual awareness of the external world.
The genetic and molecular basis of the developmental programs underlying adaptive morphological changes is largely unknown. A new study reveals an ancient gene that has been instrumental for the generation of morphological diversity and adaptation in land plants.
One of the most significant events in the history of our planet, with tremendous repercussions for the evolution of earth's organisms and ecosystems, was the colonization of terrestrial environments by plants 470 million years ago [1] [2] [3] . The R26 Current Biology 26, R22-R40, January 11, 2016 ª2016 Elsevier Ltd All rights reserved
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Dispatches transition from an aquatic life to a terrestrial one involved the evolution of a number of specialized cells, tissues and organs required for survival and reproduction [3, 4] .
Plant adaptations to life on land include the development of many structures -a water-repellent cuticle, stomata to regulate water evaporation, specialized cells to provide rigid support against gravity, specialized structures to collect sunlight, alternation of haploid and diploid generations, sexual organs, a multicellular embryo protected by parental tissue, a vascular transport system, and rhizoids, roots and root hairs essential for the absorption of nutrients and anchoring to the substrate [4] [5] [6] [7] [8] [9] . Regulation of gene expression is essential for the evolution of morphological diversity, including the establishment and perpetuation of developmental programs involved in plant adaptations to life on land [9] . However, our knowledge of the genetic and molecular mechanisms underlying morphological diversity and plant adaptation to land remains limited.
Bryophytes (liverworts, mosses, and hornworts) comprise the earliest diverging land plant lineages [1, 3, 4, 6] . Fossil record and experimental evidence strongly suggests that liverworts are among the first plants that colonized terrestrial environments, and they have thus been considered as living laboratories in which to evaluate morphological adaptation associated with the transition to life on land [1, 4, [6] [7] [8] .
Marchantia polymorpha is a liverwort, and one of the oldest living land plants [1, 4, 6] . It is a very primitive plant that does not have leaves, a vascular system, stomata, flowers or seeds. The M. polymorpha basic body plan consists of a flattened-sheet tissue reminiscent of leaves termed a 'thallus' ( Figure 1A ). The dorsal surface of the thallus contains pores that lead to gas exchange chambers located in the middle portion of the thallus. These plants can reproduce either sexually or asexually. Asexual reproductive organs -gemmae (singular: gemma) -that are naturally dispersed by rain, develop inside specialized structures (gemmae cups) located on the dorsal side of the thallus. Rhizoids are single-cell filaments involved in anchoring the plant to the substrate and nutrient acquisition, and they develop on the ventral side of the thallus. Multicellular gemmae and single-cell rhizoids develop from single precursor cells located in the epidermis on the dorsal and ventral sides of the thallus, respectively [10] [11] [12] . Given its key evolutionary position, rapid growth, relatively compact genome and the growing repertoire of genetic and molecular tools, M. polymorpha has emerged as a very powerful model for understanding the genetic basis and evolution of developmental programs underlying morphological adaptations in land plants [13] .
In a series of compelling and elegant experiments, Proust et al., Figure 1 . The ancestral function of RSL1 class I genes has been instrumental for the evolution of morphological diversity and adaptation in land plants. Dispatches but that its function is also conserved in land plants [14] . Their results demonstrate that RSL class I genes played an important role in the generation of morphological diversity at the cellular and organ level early in land plant evolution.
Proust et al. first performed a genetic screen to identify genes controlling the development of structures derived from epidermal precursor cells such as rhizoids and gemmae [14] . Two rhizoidless mutants (also affected in the formation of mucilage papillae and gemmae) were identified from a T-DNA-transformed plant population, and loss of function of the M. polymorpha homologue of RSL1 (MpRSL1) was shown to be the cause of these developmental defects ( Figure 1A ).
Based on these results, Proust et al. [14] [14] . Previous characterization of a Physcomitrella patens double mutant (Pprsl1 Pprsl2) affected in two RSL class I genes had shown that rhizoid development was compromised in these lines [15] [16] [17] [18] . Proust et al. further characterized this double mutant and found that development of additional structures derived from individual epidermal cells are also affected, indicating that RSL class I genes in P. patens control the development of structures derived from single cells that expand out from the epidermal plane [14] . Additional support for the evolutionary conservation of RSL class I gene function came from heterologous complementation experiments in Arabidopsis thaliana. AtRHD6 and AtRSL1 are RSL class I genes that control root hair development in A. thaliana [15, 17] . While atrhd6 atrsl1 double mutants do not develop root hairs, root hair development is rescued when the MpRSl1 gene is expressed under a constitutive promoter in the atrhd6 atrsl1 mutant background ( Figure 1B) . Taken together, results from Proust et al. strongly suggest that RSL class I genes were already present in the last common ancestor of land plants, and demonstrate that RSL class I function has been instrumental for the generation of morphological diversity involved in the evolution of plants to the terrestrial environment.
The study from Proust et al. also raises some questions regarding the molecular basis and evolution of the mechanisms involved in the specification of cell identity. Amniote penises come in many shapes but are missing from the basal tuatara. This has been taken as evidence for multiple evolutionary origins of the penis. Now, genital swellings have been found in tuatara embryos, arguing for a single origin.
Although they may look like medium sized lizards, tuataras (Sphenodon punctatus; Figure 1 ) are the only remaining member of the order Rhynchocephalia, a sister taxon to snakes and lizards (order Squamata). Tuataras have many unique morphological characteristics, such as their feeding apparatus, a cold-adapted physiology and a particular skull structure [1] . Tuatara males also lack an intromittent penis, and mating is achieved by cloacal apposition [2] . Within amniotes, the clade that comprises most land vertebrates, the absence of a penis is not unique to the tuatara, as the penis has been lost or reduced independently in several groups of birds [3] . However, the lack of a penis in the tuatara could also mean that the last common ancestor of amniotes might not have had a penis, and that it instead evolved independently in different amniote orders [4] [5] [6] . This hypothesis of independent penis origin seems to be supported by the dramatic differences in form and function found among amniote penises [4, 6] . For example, lizards and snakes (squamates) have two penises instead of one, known as hemipenes, erected by either just blood [2] , or a combination of blood and lymph [7] . Crocodiles have a stiff dense collagenous organ with minimal blood erectile potential that is inserted into the female cloaca by well-developed muscles [8] . Ducks have a penis that everts explosively inside the female and is inflated by lymphatic fluid [2, 9] . Turtles have a stiff penis shaft with an enormous blood-powered inflatable glans [2, 6] . Finally, some mammals have bloodinflated penises that must be erect prior to copulation, with some even having a penis bone, while others have fibroelastic penises with reduced erectile potential [2] . Does all this diversity result from multiple evolutionary origins of the penis, or is it the result of evolutionary modifications of a single ancestral penis? After examining the cloaca of a tuatara embryo, the answer, provided in a recent paper by Sanger et al. [10] , seems to be the latter, but to understand the significance of this finding, we must first review the current evidence.
Recent studies on the development of the penis in amniotes have provided evidence that the developmental program for making a penis shares many commonalities in mammals, turtles, birds, crocodiles, lizards and snakes, but also that there are important differences [11] [12] [13] [14] [15] [16] . The penis in all groups begins as a pair of genital swellings visible fairly early in development. In this early stage, the Hoxd13 gene is expressed in the developing genitalia across amniotes. The paired genital buds either remain separate and form two independent hemipenes in squamates, or merge to form a single shaft in all other amniotes [16] . The paired genital buds, however, vary in their position: in squamates, they arise posterior and lateral to the cloaca, whereas in birds and mammals, they are located anterior to the cloaca [16] . All groups have an external sperm groove, except mammals, where the sperm groove becomes a closed tube forming the urethra. In squamates, the sperm groove derives from ectoderm, unlike all other amniotes, where the sperm groove derives from endoderm, and gene
